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IERONAUTIC SYMBOLS

|o FUNDAMENTAL AND DERIVED UNITS

Symbol

t -
Foroe........ F

Power....... P-

Speed__ ..... V

Metric

Unit

meter.
second .................
weigh_ of I kilogram .....

Abbrevia-
tion

In

s

kg

horsepower (metric) ...............
_kiloineters per hour ...... kph
l.meters per sec0nd__ ..... raps

2. GENERAL SYMBOLS

Wtaneight=m0
dard acc_eration of gravity----9.80665 m/s 2

or 32.1740 ft_sec s
W

Mass_
-- _rl[

Momen_ of inerfia=m_. (Indicate axis of
radius of gyration k by proper subscript.)

Coefficient of visco_i'ty

English

Unit

foot (or mile) .........
second (or hour) .......
weight of 1 pound .....

horsepower_-.........
miles per hour .......
fee_ per second ........

Abbmvi_
tion

ft (or mi)
see (or hr)
lb

hp
mph
fps •

Kinematic viscosity
p Density_(massper unitvolume)
Standard densityofdry air, 0.12497kg-m-4-sjat 15S-(_

and 760 ram; or 0.002378 lb-_t -4 sec _
Specific weight of "s_mdard" air, 1.2255 kg_ms or
, D.07651 Ib/cu ft

8. AERODYNAMIC SYMBOLS

Area

Area of wing
Gap
Span
Chord

bs
Aspect ratio,

True air speed
1

Dynamic pressure, _pr_

C L
L_/t, absolutecoefficient_----_-_

C D
Drag, absolutecoefficientD=q-_

Profiledrag,absolutecoefficientGDo_ _

Induceddrag,absoluteCoefficientCv_-_

0 _D_
Parasitedrag, absolute coefficient _,--_-S

Cross-wind force, absolute coefficient Ca=_-_

_w

i,

Q
fl

R

e

o_ 0

cQ

O_ a

Angle ofsettingofwings (relativetothrUStline)

Resultant moment

Resultant angular velocity
V/

Reynolds number, p--- wherel is a linear dime.no

sion (e.g., for an airfoil of 1.0 ft chord, 100 mph;
standard pressure at 15° C, the corresponding
Reynolds number is 935,400; or for an airfoil

of 1.0 m chord, 100 raps, the corresponding
Reynolds number is 6,865,000)

Angle of attack
Angle of downwash
Angle ofattack,infiniteaspectratio

Angle ofattack,induced
Angle of attack,absolute(measuredfrom zero-

liftposition)
Flight-pathangle
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SUMMARY OF MEASUREMENTS IN LANGLEY FULL-SCALE TUNNEL OF MAXIMUM LIFT

COEFFICIENTS AND STALLING CHARACTERISTICS OF AIRPLANES

I{y HAROIA) [[. SWEBERG all(] ]{ICItARI) (_. |)INGELDEIN

SUMMARY

7'he results q/measuremetd,_" it( the Lal_gley full-scale tunnel

_!f the maximum lift coefieients and stalling characteri,_ties of

airplattes ha_e been collected. Tit* data ha_,e beet( attalyzed

to show the _tature oJ the effects ol_ maximum hit aml stall o.f

wi.g geometry, .fuselages arm nacelles, propeller slipstream,

surface roughtmss, aml whig leading-edge appemlages such a,_

duets, armamerlts, tip slat,% al(_l airspeed heads. ('omparism_,s

of full-scale-tum_el aml flight measureme_ds .[ maJ'im'um h_ft

aml ,stall are it_cluded in some eases and the effects of the d{fferet_t

testiltg teehJ_iq'ues on the maximum-hlft measurements are also

givett.

The results imlicated that large improt.me.ts i_( the maximum

lift aml stalli+tg characteristics of airplanes ca. be obtained by

careful attentimt to detail desigm Nurface roughnes,% wing

leakage, and the improper location of ducts, armament, amt

slat,v at the leadir_g edge _( a whig hare beet_ found to caws'c

serious losses i., the maa'imum I'ift coefficient o.f art ab'plane.

il'i.g,_ hating high taper ratios attd large amoants of sweepback

hare beet_ shown to be ,subject to poor stallit_g characterLs'ties

because they are susceptible to tip stalling. The proper com-

biltatio.s of wa,_hout and ehaltge,_ il_ camber arm wi¢_g thickness

.from root to tip urith taper will usually produce satisfactory

stalls o. whigs subject to tip stallhJg. A comparisot_ _.[ull-

,_cale-tum_el aml .flight mea,surements qf the maximum lift

co_ficield of an airplal_e showed that sati,ffactorg agreemetd may

be obtailted if the eompariscm i,_ made under similar te,_t

eomlitiot_s, such as Rey.olds number, ,slipslream, aml time rate

qf chal_ge of al(gle of attack:.

INTRODUCTION

A c,onsiderable amount of data have been obtained relative

to the maximum lift, coefticients nnd the stalling chnnwter-

istics of the military airplanes and mock-ups tested in the

lmngh,y full-scale tunnel. The results of these tests, which

have been reported sel)nrntely, have been incoVl,mlted in the

present report to facilitate the use of the data by aft'plane

designers.

Tim data inehule, mainly, lift curves and tuft surveys for

e_wh airpl_me in the service c<mdition nmt as modified in

various ways in attempts to improw_ the maximum lift and

the stalling characteristics. Tim effects of wing geometry,

such as taper and sweep, are shown with the effects of pt'o-

pellet operation, Reynohls number, and other characteristics

of the testing techniques. The effects on nmximmn lift and

stall of adding irregularities, such as nacelles, guns, cooling

duets, and airspeed heads, to the wing surfaces are also

shown. Flight observations of the stall were awfihd)le for

some of the aivl)lanes and have been included in the discussion

with an annlysis of the (lilrerenees between wind-tunnel and

flight results. The increments of lift coefficient due to split

and sh)tted Ilal>S _(s calculated from the results of tests in

two-<limensional flow m'e compared with the increments

obtained fi'om these fhq)s when installe<l on the airplanes.

AIRPLANES AND EQUIPMENT

t'crtincnt descriptive data for the airphmes tested are

given in table I (_n(t m the three-view drawings of figure 1.

l'hotographs of the airplanes and nmek-ul>S mounted in the

Langley full-scale tunnel are presented as figure 2. Most of

the airplanes and moek-ul)S are shown in the condition as

re<;eived at the Langley full-scale tunnel (designated service

condition); a few are shown in v_u'ious stages of modification

as described in figure 2.

The Lnngley full-scale tunnel and its equil)ment are

described in reference 1.

METHODS AND TESTS

The stall was investigated by noting the behavior of

numerous wool tufts, approximately 3 inches hmg, attached

to the Ul)per wing surfaces of the airl)hmes. Violent fluc-
tuations and reversals of lhe th)w direction of the luffs

in(licatod separation of the air flow from tit(, wing surfa('c.
In some il_stances t lw tufts were atta,.he(I, at val'iotls heights

above the wing surfaces, to light masls in order to ol)tain

a more positive indication of separation. The use of masts

was found to be particularly desirabh, on wings having h)w-

drag airfoil sections and large amounts of sweepl)ack since,

in these cases, the boun(hu'y-h_yer flow ('m_sed lit(' surface

tufts to change (li,'e('tion and al)l>ear shdh'd before actual

se[)ltration o('(qlri'(q].

The hehavi<>r of the tufts wns slu(lied over a range of

angh, of attack abow, and below the "mgh' (>f maximum lift.

For sew, ral of the airl)hmes, ol)servations were made with

tit(, landing flaps relt'a('ted and deflected and with tit(' ])l'O-

pelh,rs r(,move(I and Ol)('rating at various thrust coetIici(,nts.

In each ('as(,, force measurements were naa(h, of the vari_tion

of lift with angh, of attack h> supl)h,nwnt visual nn<l photo-

graphic observations of the wool tufts. The _mgles <>f

atta(_l( shown in the figures refer, in every ('ase, to the angle

of the wing root ('hor(l lit,(, with the fr(,e-str(,_m_ dir(,<'tion.

1
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( _ Airpl:me 1 in f:dr(_d and sealed condition

((.) Ail'pl;lrl_' 7;; ('_,llll)ll'l*' IIHt('k-II[L (_i .*'.il+[IJ_ltlC 4; roztJplele lrl+lf.k-iHi.

(f) AilIllarle _) 1[1 _-_'l','J('¢ uor]!li|iOll.

(gl Airl)l:lllt' 7 irl svrvil't, i.qmdi_i.ll. (h) Ahf!l:lrl_, _.; I):lrli:01y hir_,d :trl,l s_,:d,',t.



S[:I_llXIAI{'_"()F MI,;:t.SUIU,'3.IENTS O|," MAXllXlI'M LIFT ('OI,;FI,'ICIFNT,'¢ ANI) .*qTALLIN{_ (!]IAI'{A(YI'I,:I'HSTI('S ()1: AlliPI,ANI,:S ,_

(i) Airplane !l in service eondiliot,. (j) Airtll_ule 11_ in s_rvlee eondilion.

(k) Airlilant ' 11 in service eon(|ilioii, (1] Airplane 12 in service condition.

(111) _lil'l>l_lll_, 13; i_filllllliqt, iiifiel.;-illl,
(n) :_,irpl_lne II; i't/inllll_ll_ lllock-ill).

() Airl/llillt! 15; I'Oml)h'to mock-lip.

[.'i1_1 HE 2. ('lllllilllll_(l.

(p) ,tirliLlilt, 1t;; colnlilolo, Iiiof_k-IllL
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(!1) Airl)lalw 17 _iHI r(,'_ i_,(ql call,qh',',

FIGURE 2. ('Ollchl(h'd.

(r) Airldane IN in s(,rx ice condition.

"I'AIH,E I.--G]'_()METI(IC ('ItAI{A('I'I';ltlS'I'I('S OF AII(PI,ANES TESTED IN ]+AN(IIA'iY FIHA_-S(_AI,E "I'UNNI']I,

i ) 11 I
Air- "_l!l_ I Asp!'¢q I{.,,1 (.Imrd

i

I 233. 2 ] 5. 89 2. 17
I

2 _4g, [} 5. ,q3 2. (JO

:t l{_lk () 7 ._G 3 (10

4 2_4q) 5.30 1_1

31'I 0 5 30 ], 47

4'22 () 5 90 2 32

223, 7 5 !I(} ( _'I

9 27gl 0 5 19 4 [10

111 L_)3 4 _ I0 3 3,_

I l "_IN 9

12 233 2

13 172,1}

14 1.|g I)

15 I K_. D

16 170. I)

1_10. I)

6 01t I. tl)

5 IMI 1 4_

S, IO 4. (10

I I. 91_ 3. 35

7.70 2.50

5 711 l. 7(;

5. 40 I. 96

6. (10 1.00

a The desigmtlions of thv NA('A

_' Elliplieal chord dislribulion.

• Ollly hltmard all(| c¢'111 tq" flails clelh,ch,d.

W g s,_t " . :_ngh" ,! W g flXl)S

• I?l(qtlCllCP ((l('gj [

-- i ........ J
i

111 fl

. .'_ Vl'lllg( I flap chm'd Flap Sl)llll dPflP¢- I

1{,)ol ] I II_ I I{ool q ]l_ i I .vl,e A;erng{_Wil_g cii(_iii _Ving span i lion.

I i {deg)

........ i ................ i

NACA NAA ('oIllIIl'Olll!Se i NA('A NAA CfHIIIH'OlIIiSp I.I)0

low drag low drag ]

NA('A Gfi(2xl5)-- IIIi, 0=0.6 NA('A 66(2x15 -216, + =0 11 1.30
NA('A 651216)--11t7 NA('A 117.1--(I.3115, a=i).7 ] 2.110

NACA 66(215t-114 _ .. NA('A llti(215i--213, tz=ll.6 t.71

NA('A 231116 NA('A 231X19 3. IlO

NACA '231)1g i NA('A 2_)[19 . [ 2 I!0

NA('A 23017 NA('A 2N)[19 I, I 50

NA('A {ll)1.5 NA('A rlilqHI . I (l(I

NA('A 66,2 ¢)IN NA('A 116,2 ()IN ', (I

('IA" fi500 (/11(5 .... ("_V 6Y_10--01115 '. 2 IX)

NA('A 23{118 NA('A 23e109 I {)

NA('A 2:_115 NA('A 231;_19

NACA 231124 NA('A 2|{x 12 . .i i ].

NACA 2_( }{1!1 ._ ,r_l

NA('A (_11_4 .... NACA fl I I ....... 2 ()ll

NACA 23015 . NACA 23_19 i 1.0{I

NACA 2415 NA('A 24( 2. 50

NA('A 2]{il2 ........ I)

--1.25 Slotted .._

-. 45 Plain.

• _'XI .. do . ..

.XI) Shltted _ .

3. Ill) I (lo I

I
-.50 _ SI)lil

1 Illl i do
0

--I,50 i Spill

{1 SIolivd

0 Split l

4, fi(l .... do i

5, 51) Slotted .._

2, IX) Split ...

I. 110 ,_loth!d ..... !

Split ....

24._

16 fi

22. I

25. {I

2.5 Ii

2*2 G

32 II

23 6

2G G

25 (1

21L 0

2KO

23,1

25. 7

23. 7

|ow-drag airfoils have heetl (.hangpd frolIl tilt, fHFIII fllrnished by 11 a fae 1 P tile fOlrll described ill l'cfelellCe 15.

Most of the measurements were made at tunnel airspceds

of approxin|ately 60 n|ih,s per hour; a few tests were mad1,

at slightly lower airspeeds. In order to indicate lhe etrect

of variation in Reynohls Illllllt)CF, measure,merits w(,re mail1,

for some of the airphmcs over an a.l)l)roximatc range of

lmmel velocity from 20 to 10(I mili,s I)er hour.

Force readings wi,rc taken fo|" one of the airl)lanes (air-

plane lS) '11 regular intervals while the angle of attack w11s

being changM al a conslanI role in order to obtain a ('om-

paris(m with tlighl measuremi,nts of maximum lift coeffi-

cicnt. The rate of change of angle of attack t)er second for
these tests was varied ])etwcen 0.025 ° and 0.200 °.

The usual wind-tunnel jl,t-botmdary anti blocking cor-

re('tions have 1)ecn apl)lied (o all the data.

RESULTS AND DISCUSSION

T]|(' r(,sults of nleasurenlenls of max]lnunl lift coellicients

and stalling characteristics of 18 airplanes tested in th('

l,,ngley full-scah, tunnel a,'e summarized in the following

s(,('ti(ms. In most (,ases the r(,sults are given for the ai,'-

l)lanes with hm(litlg flal)S reiz'lWt(,d and with landing ttaps

fully 1'xl('n(h'(l. T111' (hlla 11r(, group1,1l hl 11|i' firs( fix'(' st'c-

lions to sh()w flu' charllCt(,rislic (,tt'c('(s on maxiu|unl lift "Hid

511 7

31.3

',;47'1
56. 4

61 1

53 3

3G,(F 4,5 11

loll (I 511 6

5 I. ,5 (_(I (J

57.7 61k

• 53.4 55.0

57, 8 511 11

55 2 411 0

(kS, 6 45.0

50.0 [

45 O

t;(I. (t

t5.0 +

48.0

NI 0

6() 0

stall of wing g(,oml,try, fuselages an<l nacelh,s, propelh,r slip-

stream, surface roughness and h'akage, and wing leading

edge al)pendages. In the final sections, comparisons arc

made of the increments of lift coefficient due to split and

slotted flaps anll of wind-tunnel and flight measurements of

nmximum lift coetfi<'ients of airl)lanes.

WIN(; GEOM I,;TRY

Conventional plan forms. Stall progressions for airplanes

with untwisted wings of <lifferl,n( tal)(,r ratios (airphul(,S 13,

12, and 8) arc l)resenh'd in figu,'e 3 for landing flal)s rctrach,d

and fully dcfl('cted. Ahllough thes|, (laI1_ are given for oom-

ph,re airl)]anes with fusl,]ag(,s and mitt,tics ])ut with l)rOl)clh,rs

F(qllOVe(], tilt' results show lrlq|ds generally ('harachwistic of

the elrects ol wing taper ratio on the progression of thl, shdl.

With the landing tlaps retracted (fig. 3(a)), local areas of

SCl)aration al)peared on airphme 13 (wing taper ratio, 4:11

at the wing t)'ailing edge near the fuselage anti h(,hin(I oil-

cooler outh, ts h)calc(l just outlma|'(I <)f each nacelh, for t'cla-

lively h)w angll,s of attack; the n|ain stall, howl,vet, started

a l (hi, wing tips I|1111progr(,ss(,d inbo1|rd with in(.,'(,asing 'u|gh,

()f 1111a('k. Th1,())'1,li,.nl stu<li(,s (r(,f(,1'(,nc(,s 2 It) 4) sh<)w that,

for I)hli)| untwist(,d win/s of high tal)('r ralil), lh(, s1,<.tion
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e(_ltl"

14/3 °

2._ .9 °

AH'plclrJe 1.3

.4pproxJ?m 7re

tesl vetocJtk; V. "%0 mph
/6_

12--

._-
i_ .e --

_a

o/ L
(a)

I_2 ° IL8 °

/65 ° 15.,9"

I Zl" 16.9°

/78 ° IZ9 o

Al_,lolon[, 12 A/r'p/c, me 8

V = SO frith V = SO mp/'_

= -V--

I

/

,I

t

/
z ......

/

I

0 I0 20 30 40 0 I0 20 30 40 0 I0 20 30 40

Amqle of ofloe/<, c¢_ deg

(a) Flaps relrach'd,

t,'lqI:lll.: :{..qhl[I I>I'_ZH'_'4ioTIS f(_r ah I)}lll_e:_ ;;ifh ?*'[llgs of dilTe_cnt taller Hllius ('HllH_lele ai_l>lal_e_ hI_S pl_I_eilers.

lift coelficients arc highest m,ar the wing lip and these sec-
lions shouhl thcrefim. Iw lhe tirsl to aplm.u'h maximum

lift. Tip shdl is further ])rccilfitah,d on highly lnpered

wings hy the spnnwise variation of section l{eynohls mmd.,r
(reference 4). For airphuu' 13, lhe I(Kyn_hts mmdwr of th(,

lip se(.lions is lhus about om.-fmu'lh lhal _ff the r(ml se('lions
II_iid l,he tip sections tend t,o stall first.

Owing to the loss in _dleron effectiveness nml dmnping in

roll usually _ssocint,ed with wing-tip st,,ll, scvernl methods

have been devised for moving the lock, lion of the initi,I stall

inboard. These methods, which include washout, central

sharp leading edges, leading-edge tip sl',ts, nml increnses in

c_m_ber from root l o tip, are discussed in d(,t_il in reh'rence 4.

A I)acl_wm'd nmvement of the maximmn camt)er of lhe wing

se,,ti_)_ s from ro(d to ti 1) will .lso gem, rMly improve lhe slall

(ref,'rence 5).

7_ lt)Sl I!1 :.I

Sl:dling characteristics for an airl)hmc with :_ win/(Z h)w
Inper r, ti_ (airp],m_ 12), l'_w which X 1.4s, are shmvn in

figure 30_). Fm'this_irphme, sta]linitial]yoccurred at the

wing root and prolz'ressed outboard with im're_sing .m_le of
attack but did m_t include the wing tips for the nmge of

'ingle of ;_ttaek tested. Unlike higldy t:q_ered wings, the

section lift, coefficients c.re highest _t lhe tool fro' wings wiii_

low taper r, tio. lligh se('li(m lifl c_wlli('ients at, the root,

together with the inlerfi.ren('e effect _)f the fltsehv/e, sl.mhl
cnuse the stnll to oe<'ur initially at the r(.d se('lions for air-

phmes with wings ()f h)w taper ralio. The Reym>hts nmnl)er
effect previously discussed fi>r lhe highly hq)ered wing is

rehHivelv, mmnpm'hmt fro' _"mg's i)l" low taper rnl, io.

Airl)].m, S, which hns a wing with elliplic_d chord dislri-

button, (,xhil_it('d slall ng" chava<'t(.rislics s.mewhere between
II.,sl' for an airphlm' will_ a win_ of high taper rntio and



I_EPOI_T N(L S2i.)--NATI()NAL ADVISOHT ('OMMITTEE F()I¢ A|;=I_I)NAUTI('S

_=12.3 ° 12.4 ° t24"

16.Z o i5.5 _ 151 °

18_ ° 163 _ t_1 °

22.5 ° 19.5 ° I;:20 °

Jl)'_olone 13 A/rplone 12 Ash"plane 8
ApDrox#knote

test velOCl/y, V = 50 mph V= _0 rnfJh V = 60 rnph

0 I0 20 30 40 0 I0 20 30 _0 0 10 ZO 30 40

Angle o£ oftact_, _ de9

(h) M:lxinlum fhlp delh'elioiL

I_'llll itt; :L ('l,le{ll_led.

+,.ll()Si" for tin lih'l)l.lne with ll _'il/g of low llll_er rllt.il_. Stltll

initiltl]y (}('(!llrrod lit llio roo| 70('tion hul, il.,-i tlie lil_']e of

litt.llCk wils ill('l'(,li_C, iI, tho WiT17 tips hob'nil lil _I.ilH. |_llrlher

il//'l'ell,_t!_ ill l/IlTie _lt' liltil.ek ei/ll,_ed lht_ lxvli l'eTions of _tll|l Ill

1i101'70 nt libmil one-lhird of {.lit, +_eliiisl)iln iliboiiriI froin tile

wing tip_.

l_]xll'l_llili 7 lh0 ]lilidililZ, {liil)._ tl) lllllxilllllllt detteel, ioll for

llh'plllne_ I3, l ',l, lind _ prodtieed the sLill[ [)rogi'e>_hms sllov,ii

iii tilZlii'o 3(hi. For ill] thret; lih'piltiie_, lllll.l deflection Teller-

idly ten(led t(} "(']ellll up" the int)onrd seetiolis of t.he win 7.

No snlllll ill'i'll.% of st_|illrlltil>ll ill)tlt,<'/i't'll lit ttlt' Will<>_ tl'llilinlz

edge lit!ill' the root sect.ion (if ilirl)inlle 1:/llllll the stlill pl'iiTros-

siolls for ilh'liiliill_s 17 lind _ ._11o_ ed tiilit, lit Silili]ill' tlliT']e_ lip

nltlicl,; hehlw lh0 llilTie o1' nilixhlliini lirt.._iiillih,r l)ortinii_ of

the whlTs of lllos0 three llirplnnt,,_ werl, ._llllh,d with thlps
defleet,ed lhilii wilh [lltps i'el.rilete(I.

A 1)lirliruitirly undi,,_h'llhh, rclndilion ll(,nr lilr llliiXiililllil

lif/ elwftil'i_'ld wits i,xllihil_,lt Iq,' Ilil'plillll' _ \_,'ilh the' |l/tldilItZ

[tlips defleeie(I. A rill)ill hi(,reltse iii the ilrril of sel.llu'lllio/i

wi/h l/('tlnllg(, of IHll.V I ° ht illlTh, l)r ill|il('k Wil._ observed ltlid

lhe lift iIt,l,ri,li_l,(I rtlliidly with smtitl hlerl,lls_,_ ill llll_le 0{'

lilt,ill'I,; ill)O\'(' Ill(' ,tlll_h' (if IIIIIXi]I}IIIII lirl (fig. ;/(h)) I,'lighi

ol)servnlions of llil, shdlili7 uhlil"iuli>ristlus of lids lihpl_tnl,

with tlups extemh,d showed u sh'{)ll_ tl,mh,ney f_ir the l/irpl_lile

l(i _l'(lllnll-Ii)ol) 1o l]w h,['t ill tilt lhrer-liohit lllliludr. ,_l

brief sludv ¢)f l|iJs roniIitioli in tli_Jlt, wiih l|ie ilill of lllfls

u./ttu'hed /(i tile \vht_ ._til'fllt'es I iildiruted ttult till lt._,Vlilllll'ti'ieltl

st_iliillg' of ihu whig" o(,_,llrll!il lit lira iili:e ille 7roiliid-i<lol)ililz

b,nd(,ney dev(,lllpl,4.
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Thl' exact mtturl' of the eft'eels of fh, p deth'ctio_ ow _.he

sUdlin_ charuch,ristics of airplaln,s is uof well defined.

FliFhl _d)ser'¢alions of n large numbl,r of airphul_'s h,sied
il_ the Ulfited ,_ial.es nml in Engh._d (referem'es 5 nml 6)
have imlk'_ged tlmt thq_ deflection either imln'Ov.d or

aggravltled the slall in _dmul an equal numDcr of c_ses.

Hap defl_.,clk:,u gen,,rally h,mls 1o lggl't/Vaic the sl,z__ll by

il_CV'elsiwg lhe Ul)W_u_h over the ouh.r mdhqq_ed lmrts of the
•,vin/ nml by ch.,ning up the nre_ of sel>ar_lion ai, lhe root,.
()n lhe olher luu_d, lhe hnmllit_ charuch'rL_i h's of nn airpJnm,

h, IliFhi net.' the stall may bt, itnprow,d by flap deih,<'tiow if
the Ilal) ',',akc .t+vclops the hal +_t m+/J<'s of +itta<.k near the

st,ll +tud thus I>r<_duces a shd] warnin/eilher by I+til I_ull'ethi_z

DI' b V ,li r_phl chanF,' h_ trim due I. the k:,ss in hill
cll'ecLivelless.

,_iall progressions for ll.'_.,lypic_d pres_'_li-d_O' l)ursHii

.irphmcs ]lavilig twisted wings of low-dr_g _tirfoil sections

(airph._es I, 2, amt :_) _r_, shown i_ tiffttre 4. The hH>er r_tlio

and w_shou! of the win,/s of these three nirplanes .re m,arly

lhc s_um,. (See tnbh' I f_" wing delails.) Tin, sUdls arc

stril.:iHgly simihu'; SClmralion begins, in each case, al lhc

wing-fuselage juncture _u_d progresses oull)out'd _tlong lhe

rearwm'd porliot_ of the wing wi_.h in<,rensing uriah, _f allac].:.

The stalling cluu'_cteris_ i<'s of thest, _ irl)htr.'s, as i_Herl)rei ,,d

from the tuft observntions, are I)l'obalA.v Food. Allhou/h

nirplane 3 shows a r.pid loss in lifl after _.he slnll, no serious

t,rouhLe sh.uhl be e_<'l_ulgcl'ed by lln' pilot, im_smuch as the

rool-secliovl slnll sh.uhl pl'ovidv adequal.c wal'vfiw/ of the

:Hq_roach of f)...,..
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. Sweptback wings.-The ell'eel of sWeel)hit[.k on the slnll-

inlz' b(,lmvior is illustrated in Jigurq, 5 by luft ohs(,rwHi(ms

for airl)hm('s 9 Iin(I IlL A('('ording to thl, luft observlliion,_.

thl,se airl)l,H(,s should l.wl, poor shdling ('hal'ai_t(,risii('s. 'l'hl,

('onh'ol surflti.es of airphul(_ 9 _lr(, sl_flh,d _li _m _mgh, of _lihlel{

w(,ll h(,low ttmt for (" For _iirl)hm(' 10, t h(, initial stallLmctz"

o(,(.urr_,(l al thu win K tll)s mid ih(, ar_,aof se])arati(m ._[well(t

rapidly inho_u'd _dol_g the ,,,.'hl/ tl'_fililL_: i'dg(, wilh in_.rl,_lsiil_

Imgh. of llttit_'l{. In holh _._ls(,s the lfir flow ov_,r th(' Ul)l)_'r
win_z surl'll_'es ll(,.r lhe lr_lililib: ('(Ibg', prior 1o ._hfllill_, wil._

toward ihl, wing lips.

Th(' Sl)_mwis(' lo_'_Hi(m of lhe hfitild stMl (m a sw_'t)thll(4.:

wiltg is l)ritmu'ily d(,pi,t.h'm (_li ihl' st)anwis(' flow of th(,

homl(hiry layl'r on the su('tion surfa('(. (r(,fl,r(,n('l' 7). ()n n

swlt)th_u'k win_z, ft.' surfac(, t)n'ssur(' gra(lil,nts sw(,(,p the

slow(,r moviIGz air of lh(. houmhwy h/yl.r iowm'd thl, lip. The

thi('kl,r I_(_tmdlu'v hlb,_,r n(,lir the tip t_.n(ls to sta]] tht. wing

fh_t in l tint region, imismu(.h ll,_ lh(, trililing (,dg(. of thl,

wing i)l" llh'llhinl, Ill hits n gri,lii(,r li.ltl(;*lilit I;,[ sw,,_,l)ha('t.: thlin
lhnl ()[ liii'[)iliIie 9, lll(, _lli't'il('(, I)i('S_lil'l' grlidi[,lil_ h(q'wl,l,il
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(,<l) I"lrll)S retrl_(>ll,d.

l,'[i;tillE i; 141h,('l ll| Iil_-rlal_l, lind nil(,i,Ih,s (ill lhe st:tiling i.lilll_ll.ll,li_;li(,_ nf liirlihinl' t:1, [_r4)ll(,Ih,is IpIllil;l,tl: ltlllbrixxiIllfth' le_l _ , (' y, _'il lliih,_, lll,r hoill'.

(41orihvis[, s(,rlions n(,lll' the h'lliling ('dg(' of lh0 whiR" of ilir-

phill(, 10tlr(, sl,i'oliT(,l' {hli, ll lh(, pr(>ssilr(, _'l'll,(li(,li|s Oil liirtilalie,O.

The tlow lowlil'(I the wing tip and tile willff lip st'ill shouh[

lll(,r(>fore b(, 111,')1'(' [)t'()lif)llll{'{'(l Oll llir/)llllle i|) t liilll Oil Ilil'l)]lltll' ,()

lill(l Iigul'e 5 *ll()ws llmt ml('h is lh(' _'lls{'.

FI]SEI,A(IES AND NACELLES

Tll,' addition of a fus.h_ls' and mu.elh,s to li win K frequently

inii'oduees centers of ]oelil s(,pllrliiiou lira| rally r{,duee the

nmxhmun lift, of tho airlJtUm but _{11 usually iml)rov_ tim

htuldihig (.hlu'ti(,t(,i'isli(,s of the flh'lihln(! lit,ill' till, _tlill. _l_trlll,ll

Ihl, IIow si,pliriiles froli} lhe innl,r sl,('lhlns ()[ lhe wing, lh,.,

dowliwllsh /ll the lltll is r(,ihlee(l iln(I ii liosi,-d<iwil ])ii('hhig

lii()llil'lil, resllltsj whi('h t(,nds Io de(TeaS(, the iirefis of sl'|)lirii-

|,ioii. Flll't]ior]llol'l,, l]ll, wllkt,s froill die wlng-fus(,hlge jtlll('-

ilii'e till(1 lh(, na('('lh,s iiil/v ('iiliSe ii stall Wlll'il[llg liy l'(,(hl(,iiig

the (,fl'l,(,livi,n_,ss of the hiil or liy l)roihi('ing ti/il lluff(,ting.

The _,ft'(,('t._ of fliselagl's lllid litle(,lh,<_ Oil the illii,xinllilll lift

llli(i st lilling (,llllral'teristi('_, (if two mo(ll,|s of folll'-t, ngilie l_ir-

planes (l/[i'lihllleS I;/ lin(I I-i) lll'(' showii ill iigiir(,s 6 IUl(1 7".

Figure 6 shows lift (,llrves and stall 1)rogressions for iilrl)hine [:_

with the liuiding I]_it)s retriieh,(I lill(I d(,fh,rh'd 60.S ° for

the whig lihine, for die llh'lihiile with outholu'd ni/eelles off,

rind for thl, ('onll)h'lo llirl)hine. With the liin(ting thll)_ r('-

trll('h'd (fi_e. li(a)), lhl, _lllll l)i'ogre._sion for llw whig lilonl!

wii_ (,hlu'il('t.risti(' of il highly tlil)ered untwistl,d whig. The

liddilion of the fli_eliigl' and two intiolu-d nll('elh's (_uiised
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lncrlze(I with the ii 1) stall, whi('h stllrtcd afl(,r Ill(' niaxiniuni

lifl eoet|i_'h'iil had llel,ii rl,'i_'h_,d. Aliliough ibis "whl7 would

IJl, i'xlil'eled 1o stall first lit tli_' tips h(!(!llllS(, of its high l_ll])Ol"

rtll io (X 3.35), i'llol slnll _ll.l,lirl'ec[ tii'st, lirohllhl,v heellUSt, the

thick XA(_A 23024 airfoil slq.tiOll Ill the root hlls Ii lower

iiillXiliiUlii seution lift coellh'ielit tillill lhc NA('3_ 23ill)9 s_,(.-

lion iil lhe ti I) ill lhc levi t{eyilold_ lilllilliel'. Allclilion of

t hl, t'uschllze to l,hl, "Will, 7 dt,hlycll thl, :tall lilllittl '2° lilld ili-

l,i'l,lisi,d l ll_ llilixiliilllii lit'l, c,_lclli_'ieni li]_lllll (I.10. _,_t illi fllllr

ll!i_.l,lh,s tldde_[ Io lhl, 'whiT, [oelil ill¢,li_ <if ._,lllirlii bin l)_,l,lll.l'l,iI

dii'eetl.v behhid lhe illiul'l]l': al rl,hllively low liiiT]l,s of ,iil.liu],;.

Thl, liilixini/uli lifl, coelIi_'ielii of lhu liilid_,] "wilh lhe nliul,ilcs

llil, liow_,w,r, "wii_ lil)lllli [I.I)t_ ]lilzllm' lhiili wi/h lite nli<'elh,_

removed qzicl is llttrililited Io the in,'rl,li_l'd effe_'livc ,,viIi_

lill!ti due t.o tli_' iliicelle,_.

])elhwiin_ lhc, hindinl_ [llil)_ 55 ° for 1]ie WiliT-illone _:ondi-

tion (@. 7(ll)) rl,suited in c,s,_enlilill?, ' Ihe Slllll( _ slliil llilllern,_
lis o|_s!q'\l,d wilii tll_' lllips relrn<'Ii,d, eXl'l'l)l tiilil the slalh,d

tll't'llS iiviq' lhl, ullliallliC,iI I)(tl'liOll_ (if t]ic whig Wi'Fl' siighlly

]ili'_lw for <'ori'l'sfiOlidili 7 lili¢ll',_ of lilli/<'i,_ ov<ili_ hi lhl' iltdlieed

iip',_itsli o\_,r llio_l, seclioiis. For lhe _'olnl)h'ic tiirl)htlie.

dt,llel.till¢ lhl, lhll)S 5,5 ° l'(qllOV('(I lhe hl('lll lll>lqlS of sl'[)iil'llliOll
]wh iIid i hi, ii ael,lh,s I hil I wore li[)_(,l'V('(I wil]i thl' [hills l'lq I'lll'l iql

tlli_l lil_;o illUi'l'li_e_l Itl_' ill'i'll of ,_'tllll'itliOli lil'ill' llie winlz lips.

No _llitii wl,l'l, livllihlllil, for Ihc ilirlliliill' _iih iilic_,lil,_ rl,-

liiovc,/l lililt lilills dclhwled.
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Tlw hu",z"(' clmn_<,s in lh,, slnllin!z ehm'm'l(,risfics of _Hl'-

phm_,s tlmt r_'suh fi'on_ lmqMh,r op_,rali(m nr(, usmdly
allritml_,d to tlw S[,l_arat(, _,ll'_,ut_;of tlw im'rm_'d nxial w,loc-

ily within llw ._lil)str(,am _md of the slil)stl'_,am l'ol_tim_. Tt,,

itwr(,as_,d v,,l_wity within llw slipstv(,_m_ t('ml_ to ('lean u I) the
inboar(I _:_,_qim_ of tlw wings Dy im'rm_sin_ tlw hwM R_'ynol<ls

mmd)_'r and Ilms d_,laying s(,i)arnlim_ :dong llw s(,ctiml_;

dir_,clly t.,hil.I llw lm>lMl(,r. Tlw rot_lim_ within tlw slip-

stre_m_ inm't,_s(,s tlw _,tl'l,etive _mgh. of atl.'u'l.: of tlw wing

tl., (,tl',,cliv(, mL'.z'h' ()t' at/_wk of thl, win_ s_,clion Iwhi]_d Ilw

dmvngoin_' 1)r.p_,lh,r hlad(,s. An _symm,"_ri('nl shdl lmll_,rn
is tlm._ prodm'l,d. In mhtition tl) lt.,s_, (,tl'_,cts, tlw dow.w._h

D_'himl nn inclim,d prolwll('r Wnds to v_,duc,., the _,tt'_,etiw.

lmgl,,s of alhwk of tlw s_,<'lions behind lhe l)rop_'lh'r _md

th,'r('by (Mays th,' o_'eurr(,n,'_, of sl.Ml.

Th(' _'lt'(,_'ts of I)r(q)elh'r ol)('r_Hion on the mailing ('hm"w-

tm'i:ti(.s of nil'plato, (i _m' shm_n in figure 8. With the

I)rOp_'lh'r rmnov(,(I, th(, slMl l)rogr('ssion wilh m_gh, of nttn('k

was fMrly similar for |)or h wings; with th(, l)rop[.Ih'r op('r_t ing

al a thrusl ('o_,tli('i(,nt 7'_ [_f (), however, llw wing s(,etion

behind the' upgoing prop_'lh'r blad(,s st_dh'd at _ ('onsid(,rMAy

tow_,r an_h, of _H,lack lhan llw wing s(wtion behind tlw down-

...,oin_: prol)(,lh,r t)huh,s. In('r("_sing T_ to 0.2 (h,('reas(,d tlw

nsymnw(ry of th(' .qal] lhnt was m('nsm'('d at T_--O, owiniz h)

(hi' f'uq lhnt, th[' ir..r(,_s_,d _lil)str(,am v_,h)eily h,.t _ grmHm'

eil'('ut lhan th(' in('r(,as(,d slil)slr[,am rotali(m.
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Flighl nwnsur(,m(,nls <)f tin, shdlinlz ('h.r,_(.tt,risti('s show('d
timt airphmt, 6 ,hw(,h)p(,d ,2_(,riou,_ h,ft-wing dropping [t'nd-

,'m'ydm'ing l)O_srr-onhmding._. In ord,,,"to <.hrrkfll,'m,
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results, m(,asun,m(,nts w(,n, maA(, of lit(' vm'iation of rollh_g-

moment (.o(,Ifi('it,nt with m_7l(, of atta('k of th(, airp]_m(' with
t}_(' I)rapt'lh'r r,,mov,,(Im,l opm'aling. The' r,'_ults of th,,m,

nt,,t_s,n'(,m,,nls at',' giv,'n in figur(, 9. Wilh th(' l)rOl)('lh'r
rcmov,'(l, tit(' rolling-mom_,nt ,'o(,fli('i(,nt of lh(' .irt)huw was
t,_svntially h_,h,l)vmh,nt _)fangh, of attack; with tl_e prol)_,lh, r

operating at Y,.--0.2, howcv(,r, th(, roiling-moment ('oeIli('it,nt
('h'm_('(] slopply from --0.00_ at o_-1',I _ to --0.f)24 _t

c_--17.() ° (_m_lc of maximum lift}. Al)ow, c_ 17.()°a shttrp

in('r(ms,, in rolling-mom('n! (.o(,fli(,i(mt, whirh wouhl })(,
sulfi('i('nl to ('ram(' sl,riou_ rolling inshd)ility ,ire'in/pow,,r-(m

landings, o('('urr_,d.
Ill all ntltelTnl)t, to ilIl[)l'ov(' th(, l)ower-(m stalling ('h,n_('-

/(,risfics of _firphm(" 6, _ slmrp hm(ling edge w,_,_inst_dh,d on
the right wiug as shown in [igul'e 1(). The resuJt,_ of tuft

observations _md lift _md rolling-moment measun;ments
m_,de with tit(' sh.rp lett(ling edge installed on the wing _r(,
,flso ,_hown in figure 10. In genern], the shm'p l(m(liniZ edge
_houht ('t)nsi(h,rably improve thr stalling characteristics of
tho ah'l)hme, in'_smuch _s the nsymmetry of the shdl lmtt(,rn

_t high angJe_ of flttltlCk wits ([("('1"£'1t.s(_([tllld the hu'ge v,u'iation
of rol[ing-mmnent ('oellichmt with _mglc of at t'_('k w_s
eliminated. Th(, m(,ximum lift (_o(ffti('ient of the I,irl)hme,
however, was re(luted fl'olll 9/,10 t,o 1._8 by the sharp leading
edge.

( J

/(, 7"

. - - --_Y - T-C -- .__

A_<¢/c o,/ <:f/(z_/'b ¢4 ,t(,r I

L'2 t.;"

l"llilrR F: ]1), t':l|'t'('t l+li I}l+' 6lllllJll_ chat'tiCtI_IJStJ(:_- all<l lollildz /ll(pllll'llI_, I1[ illSt_lllill}Z ',l '4]l_1"l) I+,a(tietlz t,<h_ + i*rl the ri_ht wJllg rll" airl)hmt

Prllllt,lh,r {llXttllllin_; '/'_tl 2; _,= ,'ill°; tlpl)yipxilllall} test vrlIJcity, 60 ]IIi]I'S piT hi)lit

k

}
,%

L
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The ett'eets of the propelhn' slil>stre_ml on the nutximum-

lift, and stalling c|mr_.'teristics of _drphme 16 with the thlps

retracted _re shown in tigure 1 I. With the propeller idling,

little ditt'erenee in the progression of the st_dl on the right

_ln(I left wings w_s noted. At 7'_=0.01:L however, _ greater

l)ereent)lge of the wing w_ls studied on the side of the upguinff

propeller blades than on the side of the (Iowngoing I)rol)eller

blades for equal _mgh,s of _Ht_lck. The m_Lximum lift

coeflieient was tlbout 0.05 higher with the l)ropeller operating

t_t 7'_- 0.013 t lmn with the l)ropeller idling.

Stall progressions for two four-engirm mOnol)hum models

(airl)hmes 13 _md 14) with l)ropellers ol)er_lting _lre shown in

figures 12 tm(l 13. The elfeets of the propeller sill)stream

on the st_llling ellm'actcristics of _firl)htne 13 m_ly he obtained

by eOml)_u'ing figures _i _md 12. Prol)el]er operation (7'_0.:_0)

ele_med Ul) the areas of se[)aration behind the n_melles

/.6--

o
(a

..4--

_:!':!'!}_i Unsteody

17

so tlmt the outbo_u'd wing set'It(ms were st:died _)t ('1, ......

whereas the inbo_u'd wing sections were unstulle(I. This

con(lit ion m_y result in hundling dilfi(.ullies n(,_r tim st_dl

owin_ to a probable h)ss in aileron ett'ectivene_ _m(I dumping

in roll. Flight tests of uirl)hme 13 with power on _md ttul)s

retracted, however, resulted in stalls ('hur_'terize(I hv _

reh_tively sh)w roll-oil' _md sm_dl _mgle (>f roll. The (levelot)-

m(mt of the rolling inst,_d)ility wus gn_(hud _md the roll

could he stopped immedi_m,ly l)y a redu('tion in _mgle of

a£taek. These strolling e]mr_cteristi('s, us me_sm'ed in

llight, c_ui l)rob_bly he Cxl)lamed by reference to figure 12

which shows tlmt, for _dl ,ingles of _ttaek, the st_dlcd ureas

on the right and left wing Slll'flwes lll'e very ne_u'ly e(luul ;

the (levelol)ment of _my roiling motion would therefor(, he

gradual.

ZO°

14.0°

17{)"

2O./T"

"r,. - {)0/3

i /

' /

0
i I

I0 PO 30 40 0 I0 ;>0 30 JO

FI_;I'ItE II Effl'cl .f I)riq.'lh'l slil_sli_'anl i_ll Ihe _;tllllirl_ (,hara('l_li_tie_ M ,qirllhuw Ilk

as" 1111:; apllroxilll_ll_ ' ll"4t ', _'l(,('ily, I_l Inih.s per Iml_r,
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_'11;{RE 12. J_'0"t'('t o1"]trol_,Ilt,r s}ilb:-,lred.m oil Ih(, stllllitlg (_h;iill_:teriMi_'s q_f airl)}all(, 1:4.
Alq)ri_ximah, tl,sl "_'(,Io(.ily. 511lnih,s per h(llll,

The efl'(,_,ts of tlw prOl)elh,r slil)stl,eam on th(, maximum

lift and stalling ('hara('h,l'isti(,s of airphuw 14 wit]i landing

tlaps r(,tl'm't(,(I and (h'fl(,('t(.d 55 ° are showl_ in tigm'(, 13.

('omparisoni of figure 13 with figure 7, whi('h givc,s stall pro-

gu'(,ssions for airl)lane 14 with th(' lm)p('lh'r r('mov(,d, in(li(,at_,s

that in this case tlw stall progl'(,ssi(ms wm'e not a]il,l't,d

lipl)r('('itd)ly nt tlw lmv vahl(,S of 7'_ (7'_ :().();_ with (laps

rl,tra1't(,(l and 7",.: 0.09 with flnl)S (l<'ll('(_tt,(l'), although th(,

Illtixinlultl lift ('o('[Ii('i('nts Wet't! ill('l't_as[!(l front 1.',{2 to 1.;'}8

with flaps retra('t(,<l and from 2.08 to 2.17 with llaps deflected.

l lu,rt+asing t h(, thrust cot,fill,tents to 0. l:_ with flaps retra('t(,(l

nn(l it) 0.15 with flaps (h, fl(,ci(,d dt.<.l't,ase(I the l)(,rc(,ntag(, of

tli_. wing at'(,a I)(,hind th(, propelh,r that was stalled at tht'

h)w(,r thl'uSl c'(t.l+li('i<,nts till(l fm'ih(,r in<,l'(,ased the nmximum

lift ('o(ffli<+i(,nts tot I.:_ with flaps rt,tz'ei(,t(,(l and to 2.2,'4 with

lhq>s d(,fl(,<+t 1,tl.

.#o

WIN(; SURFACE ROUGHNESS AND LEAKAGE

Bt,(.ausl, of increased al'mantt,nt r(+(luiz'(qn('llt.S, wings (if

])l'esent-(tny military airl)huws .mtlst })e eqttipt)('d with tmm-

PI'OIIN II['('P.qS (Ioolm, insl)e(+tion phtt,('s, gllll [torts, allllntlllitiol|-

t@<:tion slots, and many oth(,i + items tlmt tend to mak(, the

wings i'xtremely rough and to alh)w air h,akag(_ thr<)ugh the

wings. In several cases it has tte<,ll found that the ('i. ...... may

b(, itwl'eas(,d al)l)r(,<gat)ly hy i+t,lt+tivt,ly simph, m(t(lifi('llti(ms

of the wings. In order to show the extent to whi(,h wing

I'()llff,}lll('SS and air leakage itfl'('<'t the maximum lift coefli('i('nt

of an airplan(,, data m'(, I)t'es(,nt(,d in figlZl't,s 14 to 16 (or tim,(,

Im's('nt-day tnilitary aiz'phm(,s (airphm(,s 6, 5, and I). The

data ili('hide lift m,llStm,m(,nis with tht, wings in th(' servi+'(,

('onditiotl auid with tlw wings faired an(t s(,ah.(I it, ntt('nipts

to in+'r_,as[, the ]nttximum lift (+o(dli(,i(,nis of tlws<' airl)InlwS.
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df']d /ddd Drsc seo/ed
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Anq&, _f' ottock, _ dec]

i_'IGUIIE 1,5. E fl(,(_t (if willg Stlr[lt[,c roL_g_ll_L_;S on [he CL_ qf airl)lalw 5 Prul_clh,r rt,ill(ivl.(I;

_s=[J°; &lJpr()Y_ilillll_' it'S[ velocily, t_l illiles per hour

The maximum lift. (.o(,ftici_,nts olitain(,d for ah'phuie 6 wit,h

the wing in sei'vi(_e condition an(t with t.h(, wing (!omph't('ly

faired and seah,d llFe conlpar('d ill figure 14. A,_ _]lOWli by

the pliotograp|ls ili(.]u(led in figure 14, tile servi('_, wiiig ]ills

_II eXCOl)tionally large nunlber of (.ovl,r l)]ate_, ill'tess (Ioor.%

and conM.rut'tion ir'l'(,gll|ai'it.i('s, lii i;uldition, a rough walk-

way projo('ts Ilioi'e t,htin is inch fl'oln the wing silrflll'e lili([

the wing fold line ]ea.ve._ II ]ai'ge glt l) ill tho wing. The nlaxi-

inulil lift (_oe_]_i(_ielii. "¢,'lls only 1.17 for this air])hllie with the

wing ill the sorvice con(lit, ion. Vi'}ioii tht _ wing wii._ fuir(,(l

aiid seit|ed by nliisl_ing talil, , ilS shown ili figure 14, the (' L,,¢IflI

Wits ilit'l't'i;LSl'd tO 1.21i. The tape seills _,]hniniil(,ll ](,iikiigc

lhrough the wiiig; Ilevt!rtlieh'ss, liie wing WllS iiol _lliooth itii[t

the CL ..... relnl_ine(l rehdJveiy low.

The effe('ts of Sllrfil('l, rollghlleSS ()Ii itie iiiilXiiliillii Jill

('o(,[ti('ilqit of airi)hinl' fi ill'i, sh(iwli in [igur(, 15. A filh'i was

insl.iilh,(I lit l.hu Wilig-fuselag(, jtlil('lllre (if this aii'])]iiill' fll

i,liniiniitl , llie shiir f) l)i'eak illolig 1.lie juil('tui'e, tiul lhl, in-

(.l'(,ils(, in (_ wiis OlliV 0.113. Sealiiig lh(! win 7 il('l'es._ (l(iol's
LIlI(11

aliil {he fold line furth(q' inl'relisiql the (_ l)y (I.(i6. it is
Llliaz

noh,d dmt the variation of airf(lil si,(.tion from lh(' root t(ith(,

tip of th(' wing of this airl)lam, is n(,arly similar to that of
airl)lali(, 6; t.lil, llii|.xinlilin lift (.<wffici(,nts otit.iihi['(I for air-

phlii(' ,5 ill the sc'i'vi('(' condition iili(I with lh(, Wilig fliirrd illllt

<_elil('l], ]iov¢(,v[,r> al'l, lit)out. 0.10 higii('r lhii.ii tile uorri'sl)(lll(I ing
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l /84_

2_23 °

codlicienls for airplane 6. This difference is atlrilmt(,d

chi(,tty to the fact, that the wing of airplane 5 was aerody-

namically "('h'mwr" than the wing of airplane 6.

Stall progressions, in addition to lift-coefficim_t (lata, are

given in figure l(i to show the ctt'(,(.ts of surface rouglm(,ss on

airl)lane l, wlfich has a low-drag wing. Th(, wing of this

airp]an(, is cxceplionally clean a(,codynamically inasmu('h as

the f(,w access doors and (.ow,r plat(,s arc set smoothly into

the wing with no appar(,nt breaks in the wing contour.
The maximum lift, coefli(.i(,nt of 1.44 for ,tit(' faired and sealed

rims(, obtained for airplanes 5 and 6. The stall pattm'ns show

that, th(, stalh, d arc,as of th(' faired and sealed wing were always

slightly less at ('orrt,sponding angles of attack, than tit(,

stalh,d areas of the service wing.

WIN(; LEADIN('i-EI)(IE APPENDAGES

Armament.--Some of the result,s of an investigation to
(h_termin(, the (,tre(,t_s on nlaximum lift. ('(n,fiici(,nt of various

machin('-Kun and cannon installations (m the wing of

FII;IrRE 16. Effect of _illg Slllfaee rollghnes._ on the stalling charaet,_ristms off ail'l)lalV' I.

Propeller remove<I; _i=13°; _l_l_roximaI_ t('sl w,l[beit y, I[41rrlil_,s per hollr.

('ondilion and of 1.40 for 111(, sm'vi(.(, wing an, higher lhan
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_" (_c,m ¢,q fen" "l_S_ ,C(;s,&om IN" Gv_,_ _ &,gf_ f/u'N,*l f_OSlf¢O _,

FI(;UF*I'; 17, EI_CI'I t)f v_.rious ml_chine-gun ((J.51-('aliber_ installaliOll8 on tile IIIaXJlIHIlII lift

(!O('ffi('il!ll I Of l.irllhltlt! I l.

airphm(, I t tlre given in rt'f(,retwe 8. The rt,sUItLS of these tests

art, sumnmrize<l in figures 17 and IS. The Or+,,++of 2.(}0 for

the airphme with hare wings and landing flaps deflected

was us(,<l as a refcr(,n('e vahle for (,stimating the (,ffe('Is ()f the

v_tt'[Otl_ nttt('hilte-_tln ill/l[ ('llIlllOl| instalhttions,

The smallest reduction in (_+,,,,+ was measured with the

m_whine guns mounted iu the ttush position (fig. 17). The

('L,,,,,_ with foul'flush guns mounted in the high position (tlft. 19)

was only slightly h)wer than the refereltee vtJue, whereas the

(_-,,,,r was de('re+tsed 0.06 bek)w the reference value witl, the

thtsh guns in the h)w position diff. 20). Tile lowest value of

C (1.86) was mensure(l with the S-inch barrel exiension
L)lJa_

(rift. 21). The ('onlbin.ttion of 10-inch barrel extension ttn(l

low flush-gun mounting fairings told breech fairings dig. 22)

decreases the (_.,,,,_ by 0.09. With these fairings removed, the

('L,,,,,, was reduced 0.13 beh)w the reference vulue. The (k, .....

v;ns 1.91 with the l,_-ineh barrel extension (lift. 23). It is

possible thnt, with the IS-inch extension, the <tisturban<.es

(mused by the ends of the gun barrels I)assed over the wings

an<l resulted in a smaller loss of (_,,,_,,_ than with the 2-inch

and 10-inell extensions.

'l'esl creed.it imps Wing

trnderslung install_tti<m l, [tight Ztlttl le((

h=!)!i in.
[rmh.rshmg irlstallatiml 2, I(ight a,d left

h =ti!!l in.

('omid(,tely slll)llh,rg(,+l l{[ghl aml left
illSl;IHal ion

fairink_ i fairing I i
_(_11 zil_e |l(t/)S ('tm,+x

IIIIwII (l|pg)

! i
()it Ou I 1.!It i t7.3

()n i ()ll ! 1 !15 [(]

I

011 + (in l I !)(1 ' L 17 0

i i

Three 20-millimeter-cannon installations were tested on

airl)lane 11 an(l included tile underslung wing cannon shown

as installation t (fig. 24), a modification designated ctmnoo.

inst:)l]ation 2, and tile completely submerged installation

(tig. 25). The results of these tests (fig. 18) show that the

hifthest (',.,,,,_ (l.!)(1) was measured for the submerged instal-

tat.ions. The maximutn lift, ('oetlicient w.ts 1.91 for under-

shrug instalh_t, ion t. lnst'dlation ] was then nlo(litied t,t)

inst_llhd, ion 2 by decreasing the wi<lth ()f the section near tile

leading edge of tile wing and thereby reducing the al)rul)t

1)ressure ehanfte at the front <)f the e'mnon fairintz. The maxi-

mum lift coef!ricien(, w,ls l.,q5 f<)r c)mnon inst._Jh_ti(m 2.

The e/re('t of installing a 37-millinleter-ennno)_ mock-up at

the leading e(Ige of each wing of airl)l'me 4, whieh has low-drag

airfoil sections, is shown in figure 26. Observations were

made with t.he tufts on only the left wing. Tl,e results of these

tests sh<)wed that the e, nn<)n installation eaused prelnature

win_ stall which resulte(l in a reduction <)f 0.13 in ('%+,_ and

of about 3 ° in the angle of maximum lift. Tim adverse

ell'eets of mounting a cannon on a xvinft may be reduc(,<l by

installing a fairing at the wing-cannon junettzre to insure

smooth air flow over the win_ settler) dir'ef,tly l)ehin(l the
cannon.
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Twt_ n.i('k-ul)s of 20-millimeter clninon were tested on

both wim:s of airplanes 5 6, and 1 to deternfine the (,fl'e('ts

Oil (_ L,,,jx; the results of these tests and sketches showing tlie

cannon instalhltioils "ire given in tigure 27. The largest
re(hlction in (' ihle to the cannon instalhltions was

L m _#X

/netlsnr(,(I for airplane 5, whi(.h had no fairing at the wintz-

_.almou jun('tm'e, l:or thi_ case, (s,,,,,, was reduced from

1.77 for the hare wing with flaps (letle('te(I to 1.71 for the

wing _ith lhe four (.annon nlo('k-UliS instal]ed. ']'he cannon

insttlllalion on airplane 1, which hns 'l low-drag wing, caused

Ii re(lu('tit)n ()r only 0.02 in ('%,,, . Th(, sl_etches in figul'(, 27

show e|enrly thnt (,lie t':mnmis were f_ir(,(I smoothly int(> iht'

wing of this airplane so that no abriq)t c}_,ng('_ .c(.m'r(,d :ll

the whtl4-('aun(in juncture.

7_T::
:: .. ,:,,

_t:8(j <> _7.0 o

lZ6 "'> I/6 o

16 7 ° f6.9 °

2L40 20,9"
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(a) Wing gml cover plates installe(L

(b) Willg gl]ll (q)ver l)lales rem<)ve_l.

FI(;_!RF, 2_.--Wing gun ports on airIi]_ttl_' I.

'Pile ell'oct (,n the ('_...... of wing lzun ports on ,'drl)],lne 1

(lig. 28) is given ill tigure 29. Sealing the gun ports with

aluminum cover l)lates (fig. 2,_(a;) increased the (' of

the airplane from 1.28 to 1.39. A _-inch hole wqs drilled

in the cover l)lates to allow for firing the machine guns and

tlw resultant maximum lift ('oetlicicnt was 0.09 higher than

with the gun ports open.

Leading-edge tip slats. The installation of h,ading-(,dge

tip slats on a wing l,rovides a method for iml)roving the air

flow over the outer wing sections of airplanes subject to tip

stall. The leading-edge slats, however, are effective only if

they in('rease the stalling angle of attack of the tip sections

of the wing to a ilio'her value than that of the root s(,<.tior)s.
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,Special care should be taken in the det,_fil design of win_4 tip
slats inqsmuch as several cases have been noted in which
their installation ires rest,lted in adverse effects on the air

tlow over the wing sections l)ehind the slqts. On airplane 7,

for example, extending the origin'd hq_ding-cdgc slats re-

stilted in l)rcnlature stalling of the wing directly behind the

slats (fig. 30). As originally tested, the construction of the

slat trailing e(Ig(, (>n this airplane required a depression in

the wing to maintain the desired wing-section contour when

th(_ slat was r(,tract('d. (See ti_'. 30.) In a(hlition, the

slot entry was of poor llero(lynamic (h, sfgn so that th(' air

|tow was not smooth, even at the slot entry. ]n order to

improve the st a]lin_ characteristics of this qirplane with the

slat e×t.<_nded, the del)ression in the wing into which the slat

trailinlz edge retracted was (,limim_ted t)3, fairing into the
wing contour :rod the slat was moved to a higher I)ositi,)n as

shown in figure 30. With t.h(_ modified slat extended, a

sut)st,mtial iml)rov_,m(,nl in the lfir |h)w over the, winlz was

()t)s(,rvcd, ('specially in the region of the aih,rons; the max|-

reran lift coetficient, however, was not m'(tcrially atl'l,('t(,d

(|ig. 30). l{esu]ts of aileron-effe('tivencss tests dig. 31)

showed that the slopes [)f the curves (if ro]ling-momcnt

coetii(,ient against aileron detlection at high 'mgh's of attack

wet(, greater for the mo(lifi(,d slat inst_,l/ati(m than for the

original slat installation.
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'['(,sis ()[ llh'piluil, 9 show(,(1 that ll condition of lont.Jtu(thlrd

hi,_iill)ility (,xi._i(,d ill, lligh lift r()(,tibielitS _,itlll,l' whli the

oi'igiiilil fix(,d slllts ll{t,ltx'|l('d to il.' tih'phino or witii t,ho slats

reliiovl'd. In lilt tllll'ilil)t 1o iniprov(, the longiiudiniJ shi.-

hility .f lira liirlJanl' lit high lifi rol,l|bil.ill% lh(, originlli sial

WllS i'lli._(,ll ._lightly lili(t mow'<l rlo._('r t() lhe wing }eliding

('dg(' to pel'niil snloolher nir flow lit th.' slot ontr)'. 1;urlh0r

tests wer(, niiide-in which the orighiiJ slat ._liilli ",yllS inri'l,iisl,d

front 90 to 36.0 p(,rcl,nt of the' wing sl)lui with till' s|lll in tim

ino(litied position. Stilll progrl,ssions with thl' originlil shll.<

with {lie shits in the modified t)o<_il,ion, l/ml with tlw i,xll,n&,d

shits tu'e given ill figure 32 wilh J<l,tchl,._ <if til_' (¢i_'hiiil linlt
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I"I_;I'I{E g3. ]'.'11'1'('1 qd_hd h'll_l h nll,I Imdlion _m thv _ ai i:lli_l_ uf (',,, alld _t _ till lifl ('_,llivimlt

modili4'<l slats. _tall l.'o_vo._si<ms for tho aivl)lgtw wi(h the

slats rcm<>ved .to givt,n in fi+..mr. 5. Tho rosHlts of (h. st_dl
slt.li.s show IIml otwh ._lal moditiv.tiou st.,,.os:iv_,l.v im-

lWow,d t}.' air Ilow .vm' thv mH.r s.dim_s of the wing.
'l'lw _,tl'v<'ts of lho shd nloditicalimls on th. vari_Hion of (',,,

with ('_. and on tho ('_.,,,,:, of airpht_.' !i ar. shown it( fi_uro :+,3.

Tho exte_uh'd _hHs i. lho mo<litiod I)osifiun oli._ilmted

lho hm_ittldinal i_st. hility n.ar the slull .rot il_ _uhlili(m
in<'ro.:.d thv ]mtxintmn lift vootli_'iezH to 1.25 from 1.15 for

the airplam, with tlu' slals tom.rod. Allhotngh the tests

wilh the origm.I sl.ts in /l.. rood(tied I).si/ion wet. mado at
_ sliFhtly highor tmm.I Sl.,o<l, il is f:tirly vvid.nt tlutt this
._1.l inst.lhdio. _h,m'_,_>.'d ll., hmFitl.lizml in._t.hility at high

lift ,oHti,ient,_ a,<l .Is. ilwl'Om+.d llu' m_ximum lifl eoolli-

vi_m( of Ilu..irl)lum'.
Wing ducts. ('<,,tsid,'r.hh' ditli('ulty is ustt.lly (',w,)u,,-

It'rod in tho d,,_igI_ <,f th,, >+tml.' m.l l<)l+ali,,n of xxin_:-dlwl

mh,t: .wing' to Iho .riliv.I tmlur, of (Iw flow ul lho h,adin_

,'_lg,' -f _t _i.g'. In ,e...Htl, if (hi' i.h,I is phu'_'d too hi+zh

,m 11.' _iIL<.:" h..dilw" .d-'., ilw it_l_.I'md II.w :Olmralo: from

Ihe lower lip of llw du<'t inlet at ]m)dor_Ho angh's of _dt.cl<
wI.,roas tho exlertml flow Solmr_m's over tlw Ul)l)er lip of tlw

dm't inh,t .t high a.gl,.: of attack _tt_<l lhorot 0+ i.du._'_+ a
lWOrmdtwt , stall ..d _ low v.ltu' of C_.,,,. If lho inh,I is

pla('_'d too low, th,' e×teHml th>w Svlmrah': _t h)w _ugh's of

nlla<'k from th(' Ul>l)('r lip jusl withiu tl., i.h,t .rid thus

I'tlllS('S S('I'iOUS h)ss('s of tot_tl I)r(','4,_tlr( '.

A ,_tudy of several duct_ in:(.l]ed in the wines of _ full-

sonic mock-Ul) of a eonventiomi[ _n_h'-en_ino pursuit _dr-

p]ane (_drphme 16) wus ramie in the I,an_ley full-so:de tlmm, I
to determine the infhwm'e uf inlet design on the lWe,_,_ure

Losses within the duct .nd (m the _wro(lyn.mie eh.r_wteristies

of the airlflane. The results of some of these te,_t_, which m'e

rel)orted in reference 9, are given in figure.< 34 to 3tL Th('

inlet profiles, which arc shown in tigm'es :_4 aml 36, _tr('
numbered in _woordmwe with the inh.t design:_tions given ill

r(,ferencc 9. The elt'e('t of inh't size and slml)e on the maxi-

mum lift eoefli('ienl of the ail'l)hme is shown in tigure 34 and

the (,ll'_wt of lift (.()etticit'tH on tht' uvt, ra_e tot.I lWt'._stH'e .t
tlm front of tim r.di.t(w hehiml these same three inlets is

given in figure g5. hm._mu<'h +is the inlet +w(..s were not

equal for .11 the dltct_, the inlet-veh)(qty rati()s were un('(ltm]

.t any ])_trti('uhH" lift eoelli('ient ; it is be[iev_,d, however, thai
this (liln,re.t'(' will ll_)t, detr_wt from the general (.on('lusion_

drawn fi'(mi the i'esult_. The highe':t ('_.,,,,, w._ ubt.in('H

with inlet 5 instullc<l on both wing._, but tlw tot:d-l)ressm'e

re('overy .t t lm he.t ex('lmnvor hehind this inlet drot)Im[I off

very r.I)i(lly _l)ove . lift <.uettlcient of I).4. For this inlet.

the diffuser .t_d the l)lmm of tit(' inlet opening were int'lim,d
t'.wther dowmv.rd fr<>m the wing ('hord lint" titan for iuh, ts

'2 and 4 Inlet 4 gavo the he.<l .v_,r-.ll luted-pressure re('ov-

cry .t the heat exchanger; th(' nmximum ]ift (.[)eIti('i('t_t _itlt
l hi: inlet itl._(,.lled <m both witlg:, however, w.s 1t.I)7 lower

lhan for inlei 5. The h,_('st +"_.,,,,,ut.t (w(,r-ull lut.l-1)re.<sHrv

re(,(,v('ry w.s ,u_,.sm'ed fur inlet 2. for whi('h th(' difl'u_er .ml

the I)hme -f the inlet Olwnin,_ wet0 most nearly lmr.lh'l .ml

twrl_en<li(.idm,, reN)e(.liw,ly, to the wing <'horJ litw. lhd'vr-
[qwe 9 ._hox_s thai. [,t' lhe inh'ts lest('d, the on(' giving the t:(;st

(,mnl)romi._e hotwoon high l)rt'ssm'e r(,(,ov(.rie_ .t the heat

exclmng('r _ml s. ii:fu('lory m.ximmn-lift (,lmr.(",0ri.<ti('s (,f

the du('led _ing had .n Ut)lwr lip with iI hu'ge _' i(li_lg-(.[Igt'
radiu._ conforming .l)ln'oxim.h'lY to the contour of the

origimd win,z, a Io_er lip cut tm('k to turn the inlet t)hHv'
downw.rd 71)° tr<) th(' ('h,)rd line, .ml . (litl'l_._('r indined

.pl)rOxi,mmqy III° t<) the win!z H,urd lira,.
Sbdl twogre_::ion+_ .ml lift d+_tn _H'e _:ivon in ti,..:.twe :-_tl for

three w'ry dissimihu" duct inh, i: hw:_te(I in the left wiKz of

ai,'lflttne 16. 'l'hexe ro_ults fm'Hwr ('ml)h:lsiz(' tlw ell'ev:s on

ImtXit]tllllll lift ('O('[|i<'iOtH o.f lip po'_ili<)n+ h':tdit+ff-eJSz(' r..li.>+,

and ditfttser itwlin:_tion. The hi_h0st (',,, .... (1.37) was

<)t)t_in(,d f(w inlet 7, xvhiH_ h{ls the dilfu:<'r im'lin<'H (h)wn-

w_lr(I I I ° to the ('hm+J litw :_n,t . h!r,.z'o tq)l.'r-lil) h.ttding'-e_l!zo

r:t,lius. Tim uu_xittmm lift (.m,lliH(,nt w:ls only 1.26 (or

inh't I, f'l)l' whM_ tho t)lant' of the inh,t Ol)oui.: _v.>_ l>erl>en -
di<..I.r t<) the win.,.., (.I..'<t li.(,, lnh,t 1; wus tithxl with .

ll.I)l.'J lm_or lip tlmt cuuhl I.' .dju+tod to provide smo_)th

entry ()f the _ir lh_v, in(i! thi' (Im't ()vt.r a v. i(h' r.n,,ze of at+glo

o1' att.c]< ; fro' this ('_lse, howov('r, the ('_.,,. w+P_:till lux_ ( 1.22p,

lwolmbly hee_llt_e of lho sh:_ri) h,udin:-e<l!_'o radius -f the

Ul)l)or lip.
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The <'lt'(,('ts of the lot.nil(in of wing-(hwt outh,ts on the
nm×imum lift a|ld shill of tdt'phmt, Iti nre shown ill tlgur[, 37.
The nmximum lift <'tu,tfi(.i(,|ll i)f 1he air])la|w was 0.07 less
with the outh,t tit lilt, I_ottt)m of the wing than with tilt,
outh't hlt lit(' topofthl, wing. A whlg-tlu('t (nHh,t h.'att,don
the tt[ll)t'r surfaci, of a wing has tilt adv+mtago ov(.r a bottom

t)uth't, t)th(,r than giving i_ higher maxinmm lift (.oefli(.ient,

inasmuch ns th(, qul||ltity of t|i|' thlwing through the duct,

uutonutti<.Mly t,(,ntls t<) lie |Mjt|.'qi,tl with lmgh, of at,ta,+.l,.
l>l,('al|S(, of the relative in<.rt,nse with lift ('i)t,fliei(,|lt of the

nl,gntivi, ]iri,ssure lit the otttlt,t.
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Total-pressure mei_stm,mt,nts in tht, wing du('ts of _tirl)lan(,
2 with i)ropelh,r <)iterating showed that th(, flow st,pttrtit(,d

fl'om the lower lilt of Ill[, inh't of the left du<'t, ('Sl>t'('itdly in
tit(, climbing condition. This separation wt_s 1)rohably (lut,
to tht' slil)strt'an_ rotttJion, whi('h in('rtulst.d the tffft,etivt, angle
of ut,t,nt'k lit th/' h'ft duct inlct, behind the upgoing l)roprlh'r
tlltuh,s. In addition, th(, inh, t-v(,h)rity t'ati.s w(,re too high
_md (,attsi,d s<,paratiotl of th(, internal flow. hi i>rdt,r to
remo<ly t|lt,se difliculti<,s, the inlet a|'mts of t)<)th ducts were

in('ri,ased and th<' plan[, (if the inlet opi,|ling tlf the left duct
was in('reaso<l fr(im 14° to 2!)° as shown in figure 3N. The
i,tft,cts of tltt,s(, n|o<tifi<'ati<)ns on thl, mtixinmm lift t.i)(,ffi+.il,|lt

of tilt, airphm0 with the llrolie[h,r rl,movi,d and with hmtling
flaps and <lut't i,xit thtt)s retracted and (h,fl(,('ll,d are also
shown in figtm' 3S. With Ill<, hm(lit|g Ih|t)s and duct (,xit

lhil)S l'eh'at+tt,d, IliA, ('_,,,,_ wns i|wrt,as(,d from 1.10 for th('
origimtl (lu('l instldlation to 1.26 for lht, mutlitit,d (h|('ls.
With the Innding tlal)S t,xtt,|_(h,d 45 ° and (hl<'t exit flaps
(h,th,('tt,(I 41 °, th<' ('L,,,,,, wl|_ in<.rt,llsl,(I from l.:'It') It) 1.4:L

FIGt'RE 35. Elh'et of lifl t_tlt'llil:iPlll +Ill lilt' uveralZc total i>ressl:rP at tile frollt (if the ladiatot +

l_t, hin(l inlets 2, 4, and 5. Prl)II_qler I_'Ill_x_'tl; 5f=O+; I_ottonl {Jlltl('i; tliri_xllle IG.
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Airspeed heads, The effect on the air flow over the

wings of l)lacing nirsl)eed heads at the leading edges of the
wings of two +lii'lflanes(airpla nes 17 and 5) is shown in figure 39.

Th<" airspeed h<,ad on airl)lnIw 17 was Iooated directly
at the wing h,adin,,.r e(Ige and res.lted in a pt'emnture stall
over tht' section of the win,_ I>ehind tho head. No efft,ct, on

the tlow over the wing was observed for tho airspeed-head

installation on airplane ;5. This airspeed h,,ad was located on

the lowt'v surface of t,he wing _ltld oxten<h,d forward I>t,l()w

the wing h,adin_r odge.

COMPARISON OF SPLIT AND SLOTTED FLAPS

An analysis was lna<h, of the in('I'eT_letHs of lift coefli('itmt

<'ont,'ibutt'd by split and slott(,(I flaps wh('n installed on air-

iihln(,s to am(.ertain whether tht,s(' vahws <'ouhl b(, I)redi('ted
from results ,If lemts in tw,)-dim,,nmioual Ilow. Mt,asui'(,d

values <)f A¢),: ot)ta.in<'d from tests of thtl)S installed on the

airplanes an(I corresl)Ondiltg values of A(). r ('otnputed front

awulabh, two-dimensional data for similar flaps instalh, d on

smooth wings are <toitq)at-ed in figures 40 and 41. The lift

inl'r(qllonts (lit(' to the fla,])s have been taken at, about, 3 ° t)elow

the stalling anglo of the wing with Ihtps retra<'tt'd or ih, fleeted

/whichever gave the lower values), inastmwh as these values
have been found to be re]+ttivt'ly indt,p.tldeI_t of test eontli-

lions su+'h an Reynolds tmtnt)er a.d wind-tunnel t urbil]entw
(reference 10). For eoinparison, t,he two-diilwnmiolml lift

data have been evahmt¢,/l for i)artial-sl)an flal)s by the metholIS

l)r(,+(,nted in r(ffert,n('e I I.

The meastn'ed values of A(.) v for the split-flap installations

showed good agreelnent in every ease with the values <'om-

put<'d from t wo-diin(,nsiotml data. For the slott('d-lla 1)
installa(ions, howev('r, the li+l('aSlll'('(] va]u(,s w(,l'(,, Oil th(, ItVt, l'-

age, about 20 por('(mt ]ower than the ('ah'uh/t('(t wduos. The

reason tot' the low values of A('I, z obtained for the sh)tted-flap

installations in l)rot)al)ly t h(' diflit'ull ies (,twolmtered hy nlanu-

fa+'turors in prod,wing slot shapes of efficient aei'o<lynantie

design. Tests of an NACA 2:'11)12 airfoil equil)lI('d with var-
ious arrangem(,IHS of slottod flails (r(,feren('e 12) showed that,

in order to obtain high lift itwrenlents, the nose of the flap

should he located slightly ah('ad of and below a slot lip that

dirt,+'ts the air downwtwd over the flap. In a<hlition, it/order

to obtain lax,,, values of drag at inoderate lift (,o(,fli('it,nts, the

nose of the flap shotdd have a good a erodyrmnli_ form and

the shtt entry shouhl be of stwh shalle that It<) abrul)t <'li'lnKes

in the air-flow direction occur.

COMPARISON OF FULL-SCALE-TUNNEL AND FL|GHT MEASUREMENTS

OF C/m4 =

In order to comlmre wintl-ttmnel itml flight Ineasuroments

of the maximum lift <,o<,tti<q(,nt of an airplane, several fa<'tors

Inust hi, ('onsidered. Previous invt,stigations (refer<,m'es 1:'1

and 14) haw, sllowt_ that tho maxiiilltnl lift <'oettit'ie_Hs
ol)taiiwd in tests with vhanging angle of atta,'k were <'(msi(Itq'-

ably high(u" than those ot)tain[,<l in tests in which the fi),'<..s

were measured with th(, angle of atta('k fixed. The (till'er<'zwe

is attritluted to the lag i, the s,Imration ten(h'n('y with

<'hanging angle of at, t+a,'l,:.
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Maximum lift, cocflleients o])tained in tlight _nd in wind

tlumels should I)e eompar(,d at the same Reynohls lHnnber.

For the normal range of full-scale-tmuwl and flight Reynohls

nulnl)ers, the niaxilllllili lift eoellieicilts will Jticrease wflh

Reynolds lllllllt)er, in order to siiow the lllagniLllde of the

l{(,ynold._ lllillll)er effect, the vilriat.ioll of (' with
L Ill fl J"

Ileynohls Illllliher has hcell p[ott(,d ill figln'e 42 for scverM

(if the airpl_lnes (giirphlne._ 1_, 13, 4, lilld l(i) lind for gill

NA('A 23012 wing. EXVUlIt fro' the ease of giir[)illiir 4; tilt'

(}'m,.r hicreased about 0.10 for each inereas(, of IX 1t)'_ hi

Rcynohls nuniber. For airplane 4, whh'h has a wing with

low-drag airfoil sections (NACA 66 series), the increase in

('L ..... with Reynohls number was considerat)ly greater.

Propeller operation, even with idling power applied, niay

also appreciably increase the (._. ..... of an airplane over that

measured with the propeller removed. In conlparing wind-

tunnel and flight measurements of CL,,,: conditions of pro-

peller operation must therefore t)e reproduced. The el]'eet

of idling propellers on the maximum lift eoetficicni of two

typical pres(,nt-(lay airplanes (airplanes 5 and 2) is shown in

figure 43. The measurements were made in the wind tunnel

by comph, tely ('.losing the (,ngine throttles and measuring

the forces with the engim, idling, hl('reases of 0.13 and 0.08

in (_, ..... due t.o the idling prol)elh, rs were measured fro' air-

lilanes D lind 2, respcetively.
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Full-scale-tunnel and flight deterniinations of the maxi-

mum lift eoetfie, ient of an airplane haw, been shown to be

in agreement when tests were made under similar lest con-

ditions of Reynohls liulnt)er, slipstream, lind time rate fit

change of angle of attack da/dt. As an example, referenvr

is niade to coniparative llight and full-scah,-tunn(,l iiiegiSllre-

lllents of the (gL,,,_z of lib'plane 1#4 (ri"fcr(!nee l:/). Spe('igil

care was taken in this case 1o reproduce thc flight test eon-

ditiolis in the wind tumM and the results of the measure-

meltts showed agreemeiii within 3 pere(,nt.

The nlaxinuun lift cot,ftieients of airplane 11 gis (hqem'nlined
for several flap (]efh!etions from full-scah'-tnnnel and flight

tests al'(_ eoltlpal'el:] ill figure 44. Tile large (]iscrei)aneies

between the two sets of measurements are attril)uted, in

this case, to (lifferen(.es in the testing te('hniques. Aii

analysis of the flight-test rce.ords s]iowed that these

n_.ea<qlll'enlclitS were made at, rabies of d_/dt varying froln

0.2 ° to 1.0 °pcr second; ihe full-scale-tunnel Inea.surenlents

were nia(le with the angle of atta('k fi×cd. The full-sea]r-

tllllne] megi.stlr(,Illenl.s, ill addition, were made with tile pro-

pcih,r relnove([ froln the liil'piilAil,; alll] the test l{(,ynol(Is
nllmbers for the full-s('ah,-tunnt,l lneasurcllleills were t)[,-

twi,en t).,5) / 1() tl gilld 1 )< I0 e less t]igill the flight test lleynohls

/---- "_'-_
---. ;7"-- -

c ,---"

20 20 dO_lO"

/?c_ymolds mumbe G

[¢I(IURE 42. [_ f_e(!t fit RO_ll(II{Is nLlllllii,r II[l tile maximLwJ[l lift c(_f_icil,nl of sex.'OlTl] airlllane_

f!.[Id an NACA 23012 wini4 tested in lhc Langley lull-scale lUllliel.
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CONCLUSIONS

From the results of maximum-lift and sinll measurements

of 18 airphmes tested in the Langley full-s<mh, titan(,1, the

following conclusions were (h'awn:

1. Large imp|'ovements in the stalling (.hara('teristi(_s and

nmximuni lift coefli<'it, nts of ait'l)hmes can I)e obtained by

careful attention to (h,tail design.

2. Wings having high taper ratios and large amotmts of

sweepba('k have been shown to I)e sub|e(+| to poor stalling

chara('teristi('s I)t,('ause they art, sus('eptible to tip stalling.

The proper (.oral)|nations of washout and changes in cmnl)er

and wing thi('kn(,ss f|'om root to tip with t ap(,r will usmdly

pro(hw(, satisfactory stalls on wings sul)je<.t to tip stalling

3. Th(, addition of fust,hlges and lm('elh,s to wings fl'e-

qtmnt,ly int, rodu<'es centers of lo('M Sel)m'ati(m and may

r(,du('e the maximum lift (+oefii('ient if the wing-fust,hige or

wing-na('(,lh, jun(.ttu't,s art, not adequately f.it't,d.
4. I)elh,(.tion of the landing Ilal)s gem'r_flly Lende(I to

"oh,an ut)" the inboard se('tions of a wing and itwreast,d the

upwash ovt,|' the outer unflapped portions of the wing.

5. Prol)eller operation will generally in<'|'ease t,ht, sew,rity

of the stall, espe('ially on singh,-e|lgim, airphmes, hy produ('ing

an asymmetri('al stall patt,<,l'n and l)y ('h,|tning u I) t ht! inl)oard

se(.tions of the wings.

6. The maxilnum lift (.<)el||<.lent of an +tirphmt, |mD' he

apl)recial_ly in<'|'(,as<,d by the elimittntion of wing stn.ra(.e

r<)ughness and air lt,|d_agt' through the wings.

7. 'l'h(' <h,t|'im<,||tal Nt'<,<.ts of l)lt-'ing tmu'hitu, guns and

('annon at the h, ndi|ig edge of a wing may I>e l'('duce(I ron-

sidet'at)ty I)y properly lo(mt in K tht, guns it| th(' wings, tt ight,st

maximum lift, eoellicients were measut't,tl for m_l('l|in<,-_tm

installations ill which the ends of tht' Imrrt,ls wore flush with

t ht' wing st|rfa<'(' |it tlm h,ading (,(Igt, and slightly above the

wing chord line and ft)|' ('lttlll()II instalhHions thnt were

s|ll)merge(I in the wings.

8. Wing-dm't inlt,ts with wt,ll-+.aml>eretl Upl)t'|' lips prop-

t,rly ,+dim'd with tht, [h)w _+I the h,ading .tlgt, uf the wing will
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generally cause no reduction in tile maximum lift coefficient

of an airplane; whereas substantial decreases ill the maxi-

mum lift coetfieient of an airplane may be caused by ducts

with the inlet plane perpendicular to the chord line _nd by

inlet lips with small h'ading-edge radii.

9. The increments of lift eoeffieient contributed by split

ttaps couhl be computed with sufficient accuracy by the use

of two-dimensional test data; for slotted flaps, however, the

measured increments of lift coefficient were, oa the average

about 20 percent lower than those caleulate(t from the

available two-dimensional test data. These low values ['or

the slotted flaps ave attributed, mainly, to (liffleulties (,n-

countered by manufacturers in prothaeing slot shapes of

efficient aerodynamic design.

10. In a single instaace where great care was laken to

rel)roduee the test eoH(litions of Reynol([s number, propeller

operation, and the time rate of change of angle of attack,

satisfactory agreemellt of the nmximunl lift coefficients

determin('(t fcom full-st'ale-tunnel and ttight tests was oil-

rained. It is believed that equally salisfactory agreement

may l)e obtained with other airplanes provided that suiti-

ci('nt care is takezi (o z'epz'oduee the test. comlitioHs.

LANG-LEY _IEMORIA[_ AEIIONAUTICAb LABORATORY,

NATIONAL ADVISORY COMMITTEE FOR AStrONAUTICS,

L.a.NOI.I,:'_' FIELD, VA., Atay 19, 1944.
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Positive directions of axes and angles (forces and moments) are shown by arrows

A_s

, , ,: 7

Designation S_ .-

Longitudinal ...... X
Lateral ........ ._.':.. Y
Normal ............... Z

• Moment about axis

Force
(p_rallel : _ '
to axis3
symbol Designation S_-'_

Positive
direction

i

X Rol!ing..._.___ L Y---_Z
Y Pitching ...... M , _----*X
Z Yawing ....... N X--_ Y

Angle

Designa-
tion

Roll .........
pitek ..... _.
Yaw .......

'I " Velo0iti_

Linear .- -

s_ _yn_m_,,gIAnguta_

¢ - u P
0 v q
¢, t0 rl

Absolutecoefficientsof moment

(rolling) (pitching) (yawing)

D Diameter

p Geometric pitch
p]D Pitch ratio
V' Inflow velocity
IT, Slipstreamvelocity

T
T Thrust, absolute coefficient Gr=pn_D 4

Q Torque, absolute coefficient C_=pn-n_Q_

1 hp=76.04 kg.m/s=550 ft-lb/see
1 metric horsepower=0.9863 hp
1 mph=0.4470 raps
1 raps=2.2369 mph

Angle of set of control surface (relative to neutral
position), _. (Indicate surface by proper subscript.]

4. PROPELLER SYMBOLS

P
P Power, absolute coefficient Ce=pnSD 6

• 515_--_
(7, Speed-power coetfiemnt= _/p-_

Efficiency
n Revolutions per second, rps

,/ _V
Effdetive hel'ix angle=tan- _-_-_ ]

5. NUMERICAL RELATIONS

1 lb=0.4536 kg
1 kg=2.2046 lb
1 mi= 1,669.35 m=5,280 ft
1 m=3.2808 ft
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